Bovine allantoic ( A ) and chorionic (C) membranes from Days 29, 32, 36, and 40 
general, C was the source of a number of basic-to-neutral glycosylated proteins and A was the source of a number of more acidic glycosylated proteins. Many but not all proteins synthesized by A were present in allantoic fluid. The present study is the first to characterize protein production by isolated chorionic and allantoic membranes and to demonstrate that both tissues contribute to the production of secretory conceptus proteins.
I NTR OD UCT I0 N
In domestic ruminants such as cattle, sheep, and goats, proteins produced by the extraembryonic membranes of the conceptus are believed t o mediate some feto-maternal interactions necessary for the establishment and maintenance of pregnancy (for review, see Roberts et al., 1985; Bazer et al., 1986; . Ovine trophoblast protein-1 (oTP-1) is thought to be the protein signal for maternal recognition of pregnancy in the ewe (Godkin et al., 1984b) , which acts on maternal uterine endometrium and alters protein (Godkin et al., 1984a) and prostaglandin metabolism (Vallet et al., 1987; Salamonsen e t al., 1988) . Cow and goat conceptuses produce discrete proteins with physical properties (Mr, PI, isoelectric variants) similar to oTP-1 Godkin et al., 1987; Smith et al., 1987) and cross-react with antiserum produced against purified oTP-1 Helmer et al., 1987) .
Several laboratories have reported the presence of pregnancy-specific proteins in uterine flushings from pregnant cows and extracts of extraembryonic membranes (Roberts and Parker, 1974; Laster, 1977; Butler et al., 1982) . Proteinaceous products from extraembryonic membranes have been reported to have thyrotropic (Avivi et al., 1982) , luteotropic (Ailenberg and Shemesh, 1983) , antiprostanoid (Shemesh et al., 1984; Knickerbocker et al., 1986) , lactogenic (Bolander and Fellows, 1976; Beckers et al., 1980; Eakle et al., 1982; Murthy et al., 1982) , and immunosuppressive (Murray et al., 1987) activities. Clearly, conceptus proteins may function as important hormones in the establishment, maintenance, and regulation of pregnancy.
In an earlier study, we characterized the in vitro synthesis and release of proteins by intact bovine conceptuses between Days 17 and 38 of pregnancy . We observed from results of this investigation that alteration in protein synthesis occurred coincidentally with the growth and development of the allantoic membrane and its subsequent apposition with the chorion. The purpose of the present study was to characterize and compare the synthesis of secretory proteins by isolated chorionic and allantoic membranes and observe the effects of tunicamycin, an inhibitor of glycosylation, on the production of specific proteins.
MATERIALS AND METHODS

Materials
Radiochemicals. L-[35S]methionine (sp. act. >400 Ci/mmole) was purchased from ICN Biochemical Inc., Irvine, CA.
Tissue culture and electrophoresis. Preparation of Eagle's Minimum Essential Medium (MEM) and supplies for tissue culture and electrophoresis were as described by Godkin et al. (1982a Godkin et al. ( , 1988 . To enhance the incorporation of L-[ 35S]methionine into synthesized proteins, methionine in the medium was limited t o one-tenth normal.
Animals
The estrous cycles of crossbred beef cows (primarily Angus X Hereford) were synchronized by a single i.m. injection of prostaglandin F2a (Lutalyse, the Upjohn Co., Kalamazoo, MI) and bred by artificial insemination 8-12 h after initially being observed in estrus (Day 0). Animals that did not exhibit estrous behavior received a second injection 11 days after the first. Cattle were slaughtered on Days 29 (n=4), 32 (n=4), 36 (n=4), and 40 (n=4) of pregnancy. Reproductive tracts were collected at slaughter, placed on ice, and returned t o the laboratory within 30 min.
In Vitro Culture of Chorionic and Allantoic Membranes
Intact conceptuses were dissected from uteri under sterile conditions. Chorionic and allantoic tissues were carefully dissected under a stereozoom microscope. Tissues were placed in 100-cm sterile Petri dishes containing MEM and cut into 2-to 3-mm pieces. Approximately 200 mg of tissue were transferred to 60-cm tissue culture dishes containing 7 ml MEM and 5 pCi/ml L-[3sS]methionine. Tunicamycin, an inhibitor of N-linked glycosylation, was dissolved in 0.01 N NaOH and added t o several Day 36 allantois (n=4) and chorionic (n=4) cultures at 5 pg/ml, as described by Baumbach et al. (1984) . Culture conditions were as described previously (Godkin et al., 1982a) . Briefly, tissue explants were cultured for 24 h at 37°C on a rocking platform in a gaseous atmosphere of 50% 0 2 , 45% N 2 , and 5% COz. Cultures were terminated by centrifuging at 12,000 X g for 15 min at 4°C t o separate medium from tissue. Medium and tissue were stored separately at -20°C. Total protein in the medium was determined by the method of Lowry et al. (1951) . Analysis of variance (Statistical Analysis System, Barr et al., 1979) was utilized to test for significant differences in protein synthesis and total protein released into medium.
Measurement of Synthesized
Two-Dimensional Polyac ylamide Gel Electrophoresis (2D-PAGE)
Aliquots (3 ml) of unfractionated, dialyzed medium from individual conceptus cultures were lyophilized, and dried samples were dissolved in a volume of 5 mM K2C03 containing 9.4 M urea, 2% (v/v) Nonidet P-40, and 0.5% (w/v) dithiothreitol, sufficient to allow 100,000 cpm of nondialyzable radioactivity to be loaded onto each gel in a total volume of not more than 100 pl. Methods of sample preparation and electrophoretic separation of polypeptides by 2D-PAGE were modifications of those of O'Farrell (1975) , described previously by Horst and Roberts (1 979) and utilized by Godkin et al. (1982a,b) . After electrophoresis, Coomassie Brilliant Blue R-250-stained, 10% or 12.5% (w/v) polyacrylamide slab gels were photographed, impregnated with sodium salicylate (Chamberlain, 1979) , dried, and exposed to x-ray film as described previously . released into the incubation medium of Day 32 and 36 chorionic and allantoic membranes over a 24-h period. Since no differences in protein synthesis or total protein in medium were observed between Days 32 and 36, these data were combined. Allantois incorporated more radiolabeled precursor than chorion on a wet tissue weight basis, although the difference was not significant. Medium from chorionic membrane cultures contained significantly more total protein (p<O.Ol). The chorion is a more friable tissue than allantois and the increased total protein observed in chorionic cultures probably resulted from tissue debris.
RESULTS
Incorporation of Radiolabeled Precursor into Macromolecules
Two-Dimensional PAGE of Synthesized Protein
For clarity in describing the patterns of proteins produced by chorionic and allantoic membranes, we have changed the designations for specific proteins from that of our earlier study . Fluorograms have been divided into three sectors along the pH gradient (horizontal axis) labeled A, B, and C and three sectors along the molecular weight gradient (vertical axis) labeled 1, 2, and 3. Sector A includes proteins with PI 2 6 . 8 , B includes proteins with PIS between 6.8 and 5.0, and C contains proteins with PI G5.0. The approximate molecular weight ranges were as follows: 1, 280,000; 2, 26,000-80,000; 3, <26,000. Figure 1 is a drawing that represents all major proteins synthesized by chorionic and allantoic membranes between Days 29 and 40 of pregnancy. Table 2 provides the current designation for specific proteins, the previous designation , the major membrane source of proteins, the presence or absence of the protein in allantoic fluid, and the effects of tunicamycin on protein synthesis. Fluorograms shown (Figs. 2-4 ) are representative and based on examination of at least three fluorograms from each time period or treatment. Figure 2 compares proteins synthesized and released into culture medium by chorionic and allantoic membranes at Days 29, 36, and 40 of pregnancy. At Day 29, both membranes synthesized low molecular weight proteins (Sector B). Protein 3 B 1 , a product of allantoic and chorionic membranes, existed as three isoelectric variants (PI 5.8-6.6) with identical molecular weights of about 24,000. Previous studies have demonstrated that this protein crossreacts with antiserum produced against purified oTP-1 and has been referred to as bTP-1 (Helmer et al., 1987; Godkin et al., 1988) . In addition, both membranes synthesized 3 B3 , (Mr 18,000-20,000) whereas 3B2 was a product of the chorion only and existed as two polypeptides of identical molecular weights and may be isoelectric variants of the same protein.
Day 29 chorionic and allantoic membranes both synthesized three proteins in the molecular weight range of 30,000-45,000 (sector 2B) as major products.
These have been designated 2B, (Mr 43,000, PI 5.0), 2Bs (Mr 33,000, PI 6.0), and 2Bg (Mr 32,000, PI 5.5). In addition, chorion alone synthesized 2B3 (Mr 50,000, PI 6.6), lC1 (Mr 200,000, PI 4.0), and a somewhat more basic product 2A5 (Mr 38,000, PI 7.2-7.8) that consisted of several isoelectric species. The synthesis of protein group 3B, (bTP-1) was not observed at Day 32 and times thereafter by chorion or allantois when L-[3sS]methionine was used as the radiolabel. Previous studies , which characterized protein production by intact conceptuses, utilized L-[3H]leucine and demonstrated production of these polypeptides from Day 17 through Day 38. In addition to 3B1, the lowmolecular-weight-protein-labeled 3Bz and high molecular weight acidic protein lC1 were not observed to be produced by chorion at Day 32 or at times thereafter. Several proteins were produced by the chorion a t Days 32 through 40 that were either not observed or barely detectable at Day 29. These included neutral and basic proteins in Sector A (Fig. 2) . Proteins labeled 2A, and 2A5 had identical PI (7.0-7.4), consisted of several isoelectric variants, and differed slightly in mass (42 kDa vs. 38 kDa).
FIG. 2.
Fluorograms of 2D-PAGE gels for analysis of radioisotopically labeled proteins synthesized and released by chorionic and allantoic membranes from Days 29, 36, and 40 of pregnancy. Sample volumes were adjusted to allow 100,000 cpm to be loaded onto first dimension gels in a volume of 100 rl. X-ray film was exposed to dried gels for 5 days. Acrylamide concentration of gels from Days 29, 36, and 40 was lo%, 1096, and 12%%, respectively. Myosin, transferrin, ovalbumen, chymotrypsinogen, and ribonuclease A were protein molecular weight standards. Protein 2A2 had charge characteristics similar to 2A4 and 2AS and was of greater mass, whereas 2A3 was intermediate in mass (50 kDa) and more basic than other major proteins in sector 2A. Chorionic protein 2B2 was most prominent at Days 32 and 36. Another chorionic protein, l A 1 , first observed at Day 32 and at times thereafter, was of high molecular weight and very basic.
CHORlON ALLANTOIS
Protein production by the allantois underwent fewer changes after Day 29 than did chorion. As mentioned above, low molecular weight protein group 3B1 (bTP-1) was not present at Day 32 or after, and 3B3 had developed into the major low molecular weight protein. In addition, allantois produced another low molecular weight protein (2C4 ) at Day 32 and thereafter.
At Day 40, chorionic membranes synthesized and released an array of proteins with electrophoretic mobilities identical to those produced at Days 32 and 36. The number of allantoic proteins synthesized at Day 40 appeared to be diminished when compared to earlier time points. Specifically, fluorographic images produced by several proteins in the 50-80 kDa range ( 2 A 1 , 2 B 1 , 2B4, 2B,, 2C2 , and 2C3 ) were either not present or barely detectable.
Effects of Tunicamycin on Protein Production by Chorionic and Allantoic Membranes
The addition of tunicamycin in 0.01 N NaOH to the incubation medium of allantoic and chorionic membrane cultures altered the production of several specific proteins. Tunicamycin inhibited or greatly reduced the production of basic chorionic proteins observed in sector 2A, including 2 A z , 2 A 3 , 2A4, and 2A5 (Fig. 3) proteins in the 50-80 kDa range was inhibited or greatly attenuated also. Allantoic proteins affected by tunicamycin included 2A,, 2B1, 2B4, 2BS, 2Cz, and 2C3. The addition of 0.01 N NaOH alone had no effect on the incorporation of radiolabeled precursors into proteins.
Proteins in Allantoic Fluid
Proteins present in allantoic fluid at Day 36 of pregnancy are demonstrated in the Coomassie Brilliant Blue-stained gel in Figure 4 . Several of the proteins observed in the allantoic fluid had electrophoretic mobilities identical to proteins synthesized by allantoic membranes (2A1, 2B1, 2B4, 2B5, 2C1, 2Cz, 2C3, 2C4, and 3B3 ) and chorionic membranes (2B6, 3B3, and 3C1).
DISCUSS ION
In earlier studies characterizing in vitro protein production by intact bovine conceptuses Godkin et al., 1988) , it was observed that major changes in the patterns of protein synthesis occurred between Days 22 and 24 and after Day 29.
These changes corresponded temporally with the progressive attachment of the outer layer (trophoblast) of chorion to the uterine epithelium (Days 21-30, King et al., 1981) and the appearance, growth, and apposition of the allantois with the inner layer (mesoderm) of chorion. In the present study, we have demonstrated that both chorion and allantois were active in protein synthesis. These results are in agreement with those of Wathes (1980) , who reported that the allantois was more active than chorion in protein synthesis in vitro. We suggest that the allantois contributes to the production of secretory proteins by the conceptus as a whole.
Numerous discrete proteins were observed to be synthesized by the chorion whereas others were selectively produced by the allantois. Interestingly, some proteins were produced by preparations from both extraembryonic membranes. This could have resulted from membrane cross-contamination, but if this were the case, then one would have expected all major proteins synthesized by each membrane to be present on all gels. Another explanation may reside in the cell types that compose the membranes. Chorion consists of an outer layer of ectoderm and an inner layer of nonvascular mesoderm. Allantois consists of an inner layer of endoderm and an outer layer of vascular mesoderm, which comes in apposition to and eventually fuses with mesoderm of the chorion (see Stevens, 1975, for review) . Although blood vessels were observed in allantoic cultures only, it is possible that mesodermal crosscontamination occurred in preparations from both tissues, The cellular source (i.e. mesodermal, endodermal, or ectodermal) of protein synthesis has not been determined at this time. When specific antiserum t o individual proteins is produced, then immunohistochemical studies may identify the cellular sources.
Our previous study on bovine secretory conceptus proteins demonstrated that bTP-1 was the major protein produced between Days 17 and 22, one of several major products between Days 24 and 29, and production continued at a relatively diminished rate through Day 38 when L-[3H]leucine was used as the radiolabeled tracer. In the present study, which utilized L-[35S]methionine, we demonstrated synthesis of the protein by both chorion and allantois at Day 29, but not thereafter. Apparently, more leucine was incorporated into bTP-1 than methionine, possibly due to the protein containing more leucine than methionine molecules.
The failure to detect bTP-1 in cultures from conceptus membranes after Day 29 may have been due to the diminished rate of production of the protein and the amino acid used as the tracer.
In addition to changes in bTP-1 production, synthesis of several other chorionic proteins was altered after Day 29. Synthesis of 3B2 was not observed and 3C1 was first detected. Production of several basic-to-neutral proteins was either greatly enhanced or first detected at Day 32, also. These included l A l , 2A2, 2A3, and 2A4. The relative production of neutral-to-acidic proteins 2B2, 2B3, and 2B6 was enhanced. Between Days 32 and 40, protein production by the chorion remained relatively unchanged. Greenstein et al. (1958) reported that "the most striking feature" of bovine conceptus development at Days 28 and 30 was the dramatic expansion of the allantois, which concomitantly underwent progressive fusion with the chorion. By Days 3 1-33, the allantois had substantially filled the chorion, except for the necrotic tips. We suggest that the changes in chorion protein synthesis may result from fusion with allantois, and after the allantois-chorion association is established, chorionic protein production remains relatively stable through Day 40.
In contrast to the chorion, protein production by the allantois underwent few qualitative changes between Days 29 and 36, with the exception of diminished or undetectable synthesis of 3B, (bTP-1). Major proteins produced by the allantois during these times were the low molecular weight protein, 3B3, a group of proteins in the 30-45 kDa range (2B,, 2B8, 2B9 ) and another group in the 50-75 kDa range. The latter group (2A1, 2B1, 2B4, 2B5, 2C2, and 2C3) were present at Days 29-36 but not at Day 40. These proteins were also present in allantoic fluid and had electrophoretic mobilities, PI, and spatial arrangement on gels identical t o proteins present in fetal bovine serum. On the basis of this circumstantial evidence, we suggest that the allantois may synthesize serum-like proteins but caution that immunological identification is necessary before this can be ascertained. Production of serum-like proteins by porcine conceptus cultures (Godkin et al., 1982b) , mouse blastocyst cultures (Nieder e t al., 1987) , and porcine and ovine extraembryonic cell cultures has been reported previously. The yolk sac and fetal liver are generally believed to be the source of fetal serum proteins (for review of fetal plasma proteins, see Gitlin and Gitlin, 1975) .
The bovine yolk sac reaches peak development around Day 20 of pregnancy and then undergoes rapid regression as its nutritive function is taken over by the rapidly expanding allantois (Greenstein et al., 1958) . Although possible, it is unlikely that our Day 29-36 allantois cultures were contaminated with yolk sac, since much care was taken in isolating the membranes, and the yolk sac is believed to have regressed by this time. Since both structures are thin-walled sacs lined with endoderm and covered with vascular mesoderm (Perry, 1981) , it is possible that both may function in the production of serum proteins during early pregnancy.
The addition of tunicamycin, an inhibitor of N-linked glycosylation of protein, to culture medium had a dramatic effect on production of several specific proteins by both allantois and chorion. The major effect of tunicamycin on protein production by the chorion was inhibition or diminished synthesis of several basic-to-neutral proteins (2A2, 2A3, 2A4, 2A5, and 2B3). Tunicamycin inhibited or greatly reduced the production of the serum-like proteins (2A,, 2B1, 2B4, 2B5, 2C2, and 2C3) by the allantois. Inhibition of glycosylation by tunicamycin has been previously reported to alter the secretion of several hepatic proteins (Baur et al., 1985) . The present study identifies several major secretory products of the chorion and allantois as glycoproteins.
Protein production by isolated chorionic and allantoic membranes has been characterized. The identification of proteins produced by each membrane may now facilitate the isolation of specific proteins and functional studies. One of the more revealing findings of this study was the active synthesis and release of protein by the allantois. Previous investigations of the bovine allantois have focused on its histology (Zobundzija, 1968; Tiedemann, 1982) , and the contents, volume, and cytology of its fluid (Hubert e t al., 1972; Baetz et al., 1976; Basrur, 1976, 1977; Thomsen and Edelfors, 1976; Eley et al., 1978) . Functional roles attributed to the allantois have included providing a blood vascular network t o the placenta for respiration and nutrition (Perry, 198l) , forcing the chorioallantois into close apposition to the endometrium for attachment and nutritive exchange by increasing the fluid volume (Eley et al., 1978) , and as a reservoir for urinary waste (Zobundzija, 1968) . The production of secretory protein production by the bovine allantois has not been described previously. Isolation of specific allantoic proteins may allow for functional studies to be performed to determine if some of these products play regulatory roles during pregnancy.
